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(57) ABSTRACT

[Problem] The present invention provides an industrially
advantageous production method of a 6-halogeno-3-arylpy-
ridine derivative in which cryogenic condition is not required,
production step is short, and an isomer difficult to be sepa-
rated is not produced as a by-product,

[Solution] A production method of a 6-halogeno-3-arylpyri-
dine derivative represented by the general formula (IIT) com-
prising: the first step reacting a 2,5-dihalogenopyridine
derivative represented by the general formula (I) with a mag-
nesiation reagent; and the second step reacting the product
obtained from the above-described first step, in the presence
of a palladium compound, with a halogenoaryl derivative
represented by the general formula (II).
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PRODUCTION METHOD OF
6-HALOGENO-3-ARYLPYRIDINE
DERIVATIVE

TECHNICAL FIELD

[0001] The present invention, relates to a production
method of 6-halogeno-3-arylpyridine derivative, particularly
6-halogeno-3,2'-bipyridine derivative. 6-Halogeno-3-arylpy-
ridine derivative obtained from the present invention is useful
as an intermediate for organic synthesis. For example, 6-ha-
logeno-3,2'-bipyridine derivative is useful as the intermediate
of'therapeutic agent for neurogenic disease (refer to pamphlet
of WO2001/96308).

BACKGROUND ART

[0002] Heretofore, as the production method of 6-halo-
geno-3-arylpyridine derivative, (1) a method for reacting
2-halo-5-pyridyl boric acid with arylbromide (see: J. Org.
Chem., 2002, vol. 67, page 7541); (2) a method reacting
2-chloro-5-bromopyridine with aryl boric acid (see: Hetero-
cycles 1987, vol. 26, page 2711); (3) a method reacting 1,2,
4-triazine prepared by the reaction of 2-chloro-5-cyanopyri-
dine and hydrazine, with 2,5-norbornadiene (see: JP-A-2000-
355581); (4) a method for chlorinating S-arylpyridine (see:
Chem. Pharm. Bull., 1988 vol. 36, page 2244) or the like are
known.

[0003] However, in the method of (1) and (2), cryogenic
condition is required in preparing a 2-halo-5-pyridyl boric
acid or an aryl boric acid, which are raw material. In addition,
in the method of (3), multistep reaction is required. And, in
the method of (4), isomers having the different position of
chlorination are produced as by-product, therefore, there is a
problem that the isomers difficult to separate have been
formed. Thus, any methods of the above-described (1) to (4)
were not the industrially advantageous methods.

[0004] In addition, heretofore, as a cross-coupling process
between two aromatic compound derivatives, the method for
reacting Grignard compound with halogen compound in the
presence of palladium compound is known (see: J. Organo-
metallic Chem., 1976, vol. 118, page 349). However, there are
few reaction examples in which arylpyridine derivative is
synthesized by reacting Grignard compound of pyridine
derivative with halogenoaryl derivative. There is known a
method for synthesizing 2-arylpyridine derivative by reacting
2-pyridylmagnesium bromide derivative obtained from the
reaction of pyridine derivative which is halogenized at 2-po-
sition regarded as generally more reactive substitution site
and magnesiation reagent, with halogenoaryl derivative (see:
J. Molecular Structure, 2000, Vol. 553, page 61). However,
there is not known a method for synthesizing 5-pyridylmag-
nesiumbromide derivative and halogenoaryl derivative by
reacting 5-halogenopyridine derivative having a functional
group at 2-position with magnesiation reagent.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention
[0005] It is an object of the present invention to provide an

industrially advantageous product ion method of 6-halogeno-
3-arylpyridine derivative in which cryogenic condition is not
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required, production step is short and an isomer difficult to be
separated is not produced as a by-product.

Means for Solving the Problem

[0006] According to one aspect of the present invention,
there is provided a production method of a 6-halogeno-3-
arylpyridine derivative (III) including the first step for react-
ing a 2,5-dihalogenopyridine derivative represented by the
following general formula (I) (hereinafter, also called as “2,5-
dihalogenopyridine derivative (I)”):

[Formula 1]
@
RZ
X2 R!
s
x
R} N x!
[0007] wherein, X' and X* independently represents halo-

gen atom, respectively; R', R* and R® independently repre-
sents hydrogen atom, optionally substituted alkyl group,
optionally substituted cycloalkyl group or optionally substi-
tuted aryl group, respectively; R' and R* may form optionally
substituted cyclic group together with carbon atoms to which
they are connected;

with a magnesiation reagent; and

[0008] the second step reacting the product obtained from
the above-described first, step, in the presence of a palladium
compound, with a halogenoaryl derivative represented by the
following general formula (II) (hereinafter, also called as
“halogenoaryl derivative (I1)):

[Formula 2]

an
X

3
/\
TR,
J
Yl

wherein, X> represents halogen atom; Y represents methine
group or nitrogen atom; R* represents hydrogen atom, option-
ally substituted alkyl group, optionally substituted cycloalkyl
group, optionally substituted aryl group, optionally substi-
tuted alkoxy group, optionally substituted cycloalkoxy
group, or optionally substituted aryloxy group; n represents
an integer of 0 to 5;

to obtain a 6-halogeno-3-arylpyridine derivative represented
by the following general formula (III) (hereinafter, also called
as “6-halogeno-3-arylpyridine derivative (I11)”):
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[Formula 3]
. (1)
R)p
N
\Yl’ % R!
o
R? N x!

wherein, X', Y!, R!, R?, R?, R* and n are the same as the
above-described definition.

[0009] In addition, according to another aspect of the
present invention, there is provided a production method of a
6-alkoxy-3-arylpyridine derivative (V) including the third
step reacting a 6-halogeno-3-arylpyridine derivative (III)
with a salt of an alkyl alcohol described in the following
general formula (IV):

[Formula 4]

M(OR®),, (IV)

wherein, M represents an element of the first group or the
second group in the periodic table; R> represents an alkyl
group or a cycloalkyl group; m is 1 when M is the first group
element; m is 2 when M is the second group element; to obtain
a 6-alkoxy-3-arylpyridine derivative represented by the fol-
lowing general formula (V) (hereinafter, also called as
“6-alkoxy-3-arylpyridine derivative (V)”):

[Formula 5]
®RH), v
N
\Yl’ s R!
o
R3 N OR®

wherein, Y?, R', R?, R®, R*, R® and n are the same as the
above-described definition.

Advantages of the Invention

[0010] According to the present invention, a 6-halogeno-3-
arylpyridine derivative (III) can be industrially advanta-
geously produced.

BEST MODE FOR CARRYING OUT THE
INVENTION

Production Method of a 6-halogeno-3-arylpyridine
Derivative (I1T)

[0011] One aspect ofthe present invention is the production
method of a 6-halogeno-3-arylpyridine derivative (III). This
production method is characterized by including the first step
for reacting a 2,5-dihalogenopyridine derivative (I) with a
magnesiation reagent; and the second step reacting the prod-
uct obtained from the relevant first step, in the presence of a
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palladium compound, with a halogenoaryl derivative (1) to
obtain a 6-halogeno-3-arylpyridine derivative (III). There-
fore, specific aspects other than these ones are not particularly
limited. Hereinafter, the preferred embodiment of the produc-
tion, method of the present aspect is described in detail.
[0012] Inthe above-described general formula, alkyl group
represented by each of R*, R*, R?, R*, and R, and alkyl group
contained, in the alkoxy group represented by R* may be any
of the straight chained or branched ones, the preferable car-
bon atoms thereof are 1 to 12, and 1 to 4 carbon atoms are
more preferable. Alkyl group includes, for example, methyl
group, ethyl group, propyl group, isopropyl group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group,
hexyl group, octyl group, dodecyl group or the like. Also,
cycloalkyl group represented by each of R' to R’, and
cycloalkyl group contained in the cycloalkoxy group repre-
sented by R* are preferably the one having 3 to 12 carbon
atoms, and more preferably the one having 5 to 7 carbon
atoms. Cycloalkyl group includes cyolopentyl group, cyclo-
hexyl group or the like. In addition, R' and R? may form
cyclic structure together with carbon atoms of pyridine ring to
which they are connected. Carbon atoms of the ring, in which
R! and R* may form together with them, are preferably 4 to
10. Such aring includes, for example, benzene ring, naphtha-
lene ring or the like.

[0013] The above-described alkyl group, cycloalkyl group,
and ring structure may have a substituent. Such substituent
includes, for example, aryl group having 4 to 15 carbon
atoms, in which hetero atom such as nitrogen atom, oxygen
atom, sulfur atom may be arbitrarily contained, such as phe-
nyl group, tolyl group, methoxyphenyl group, nitrophenyl
group, naphthyl group, anthracenyl group, pyridyl group,
furyl group, thienyl group; alkenyl group such as vinyl group,
1-methylvinyl group; alkoxy group which is the straight
chained or branched one having 1 to 12 carbon atoms, such as
methoxy group, ethoxy group, propoxy group, iSOpropoxy
group, n-butoxy group, isobutoxy group, tert-butoxy group,
hexyloxy group, octyloxy group, dodecyloxy group, allyloxy
group, benzyloxy group; cycloalkoxy group having 3 to 12
carbon atoms, such as cyclopentyloxy group, cyclohexyloxy
group; aryloxy group having 4 to 15 carbon atoms, in which
hetero atom such as nitrogen atom, oxygen atom, sulfur atom
may be arbitrarily contained, such as phenoxy group, nitro-
phenoxy group, naphthyloxy group, anthracenyloxy group,
pyridyloxy group, furyloxy group, thienyloxy group.

[0014] Optionally substituted alkoxy group represented by
R*s exemplified by methoxy group, ethoxy group, propoxy
group, isopropoxy group, n-butoxy group, isobutoxy group,
sec-butoxy group, tert-butoxy group, hexyloxy group, octy-
loxy group, allyloxy group, benzyloxy group or the like. In
addition, optionally substituted cycloalkoxy group repre-
sented by R*s exemplified by cyclopentyloxy group, cyclo-
hexyloxy group or the like.

[0015] Aryl group represented by eachof R*, R?, R> and R*,
as well as aryl group contained in aryloxy group represented
by each R*, may arbitrarily contain hetero atom such as
nitrogen atom, oxygen atom, and sulfur atom in ring structure
and 4 to 15 carbon atoms are preferably contained in this
structure. Aryl group includes, for example, phenyl group,
naphthyl group, anthracenyl group, pyridyl group, furyl
group, thienyl group or the like.

[0016] The above-described aryl group may have substitu-
ent. Substituent includes, for example, alkyl group, which is
the straight chained or branched one having 1 to 12 carbon
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atoms, such as methyl group, ethyl group, propyl group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl
group, tert-butyl group, hexyl group, octyl group, dodecyl
group; cycloalkoxy group having 3 to 12 carbon atoms such
as cyclopentyl group, cyclohexyl group; aryl group having 4
to 15 carbon atoms, in which hetero atom such as nitrogen
atom, oxygen atom, sulfur atom may be arbitrarily contained,
such as phenyl group, tolyl group, methoxyphenyl group,
chlorophenyl group, bromophenyl group, nitrophenyl group,
naphthyl group, anthracenyl group, pyridyl group, furyl
group, thienyl group; alkoxy group which is the straight
chained or branched one having 1 to 12 carbon atoms, such as
methoxy group, ethoxy group, propoxy group, iSOpropoxy
group, n-butoxy group, isobutoxy group, sec-butoxy group,
tert-butoxy group, hexyloxy group, octyloxy group, dodecy-
loxy group, allyloxy group, benzyloxy group; cycloalkoxy
group having 3 to 12 carbon atoms such as cyclopentyloxy
group, cyclohexyloxy group; aryloxy group having 4 to 15
carbon atoms, in which hetero atom such as nitrogen atom,
oxygen atom, sulfur atom may be arbitrarily contained, such
as phenoxy group, nitrophenoxy group, naphthyloxy group,
anthracenyloxy group, pyridyloxy group, furyloxy group,
thienyloxy group.

[0017] Typical example of aryloxy group represented by R*
includes phenoxy group, nitrophenoxy group, naphthyloxy
group, pyridyloxy group, furyloxy group, thienyloxy group
or the like.

[0018] Element of the first group in the periodic table rep-
resented by M in the above-described general formula
includes sodium atom, lithium atom, potassium atom or the
like. In addition, element of the second group in the periodic
table represented by M includes magnesium atom, calcium,
atom, or the like.

[0019] Production method of the present invention includes
the first step for reacting a 2,5-dihalogenopyridine derivative
(D with a magnesiation reagent; and the second step reacting
the product obtained from the above-described first step, in
the presence of a palladium compound, with a halogenoaryl
derivative (II) to obtain a 6-halogeno-3-arylpyridine deriva-
tive (II1). Hereinafter, each of the steps is described.

[The First Step]

[0020] Inthe firststep, a 2,5-dihalogenopyridine derivative
(D) is reacted with a magnesiation reagent.

[0021] Procuring route of the 2,5-dihalogenopyridine
derivative (I) as a reaction material in the first step is not
particularly limited. When this is commercially available, one
purchased from the relevant commercially available products
can be used for the reaction. On the other hand, a 2,5-dihalo-
genopyridine derivative (I) prepared per se from the industri-
ally available raw material can be used in the first step. Means
for preparing per se a 2,5-dihalogenopyridine derivative (I) is
exemplified, for example, by the means for substituting meth-
oxy group at 2-position by chlorine, after brominating at
S-position of 2-methoxypyridine (see: Tetrahedron Letters,
1998, vol. 39, page 2059).

[0022] As a magnesiation reagent used in the first step, a
compound to be used when organic magnesium halide com-
pound is prepared from an organic halogen compound in
usual organic chemistry, can be used. For example, magne-
sium metal; magnesium antracene complex; or a Grignard
reagent such as ethylmagnesium bromide, isopropylmagne-
sium bromide, isopropylmagnesium chloride, t-butylmagne-
sium chloride is included. Among them, Grignard reagent is

Nov. 4, 2010

preferable from a standpoint of reactivity. Used amount of the
magnesiation reagent is preferably in the range of 0.1 to 10
mole equivalent relative to 2,5-dihalogenopyridine derivative
(), more preferably in the range of 0.5 to 3 equivalent.
[0023] Reaction is preferably performed in the presence of
a solvent. The solvent is not particularly limited as long as it
does not have harmful effects to reaction. A solvent includes,
for example, aliphatic hydrocarbons such as hexane, heptane,
octane; aromatic hydrocarbons such as benzene, toluene,
xylene, ethylbenzene, mesitylene; ethers such as tetrahydro-
furan, diethyl ether, diisopropyl ether, tert-butylmethyl ether,
1,2-dimethoxyethane, 1,4-dioxane, diethyleneglycol dimeth-
ylether. Among them, use of an ether as a solvent is prefer-
able, particularly, use of tetrahydrofuran is preferable from a
standpoint of operation of reaction. The solvent can be used
alone, or in combination of two or more kinds.

[0024] Reaction in the first step is preferably performed in
the range of =20 to 100° C., and is more preferably in the
range of 0 to 40° C.

[0025] Reaction time in the first step is not particularly
limited, however usually, is in the range of 0.5 to 24 hours.
After completing a reaction, reaction product from the first
step may be isolated, and used in the next step, or may be used
as reaction mixture as it is in the next step, however, the
reaction mixture is preferably used as it is in the next step
without further purification. When the reaction mixture from
the first step is isolated, method in which the reaction mixture
is left to stand and is filtered to obtain the reaction products
precipitated as solid; or method in which the reaction mixture
is condensed by distilling off the solvent, can be used as an
isolating method.

[0026] In the first step, it is estimated that an organic mag-
nesium compound represented by the following general for-
mula (VI) (hereinafter, also called as “organic magnesium
compound (VI)”) is formed by reacting a 2,5-dihalogenopy-
ridine derivative (I) with a magnesiation reagent. In the sec-
ond step to be described later, it is understood that coupling
reaction of an organic magnesium compound (VI) and a
halogenoaryl derivative (II), is performed. However, techni-
cal scope of the present invention is not limited by this reac-
tion mechanism

[Formula 6]
) (VD)
R
X*Mg R!
/
A
R? N X!

wherein, X> represents halogen atom, X', R*, R* and R> are as
the above-described definitions;,

[The Second Step]

[0027] In the second step, the above-described product
from the first step (estimated as organic magnesium com-
pound (VI)) is, in the presence of a palladium compound,
reacted with a halogenoaryl derivative (II). By this reaction, a
6-halogeno-3-arylpyridine derivative (III) is obtained.

[0028] Procuring route of the halogenoaryl derivative (II)
as a reaction raw material in the second step is not particularly
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limited. When this is commercially available, one purchased
from the relevant commercially available products can be
used for the reaction. On the other hand, a halogenoaryl
derivative (II) prepared per se from the industrially available
raw material, can be used in the second step. Means for
preparing per se a halogenoaryl derivative (II), is exemplified,
for example, by the means of substituting amino group of
2-aminopyridine with bromine (see: Organic Synthesis, Col-
lective Vol. 3, page 136, 1955).

[0029] Used amount, of the halogenoaryl derivative (II) is
preferably in the range 0of 0.1 to 10 mole relative to 1 mole of
the 2,5-dihalogenopyridine derivative (I) used in the first,
step, more preferably in the range 0of 0.3 to 2 mole equivalent.

[0030] Reaction of the second step is preferably performed
in the range of =20 to 100° C., more preferably in the range of
0 to 40° C.

[0031] Palladium compound to beused in the second step is
not particularly limited as long as it is generally used for the
reaction of carbon-carbon bond formation. The palladium
compound includes, for example, tetrakis(triphenylphos-
phine)palladium(0), bis[1,2-bis(diphenylphosphino)ethane]
palladium(0), bis[1,3-bis(diphenylphosphino)propane|palla-
dium(0), bis[1,4-bis(diphenylphosphino)butane]|palladium
(0), bis[1,5-bis(diphenylphosphino)pentane]palladium(0),
bis[1,6-bis(diphenylphosphino)hexane]palladium(0), bis[1,
1'-bis(diphenylphosphino)ferrocene|palladium(0),  palla-
dium(0), tris(dibenzylideneacetone)dipalladium(0), bis(tri-t-
butylphosphine)palladium(0), bis(tricyclohexylphosphine)
palladium(0), palladium(II) chloride, palladium(II) acetate,
dichlorobis(triphenylphosphine)palladium(Il), dichlorobis
[methylenebis(diphenylphosphine)|dipalladium,  [1,2-bis
(diphenylphosphino)ethane]dichloropalladium(II), [1,3-bis
(diphenylphosphino)propane]dichloropalladium(Il), [1,4-
bis(diphenylphosphino)butane]dichloropalladium(II), [1,5-
bis(diphenylphosphino)pentane]dichloropalladium(II), [1,6-
bis(diphenylphosphino)hexane]dichloropalladium(1l), [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(II),

palladium(II) acetylacetonate, bis(benzonitrile)palladium(II)
chloride, bis(acetate)bis(triphenylphosphine)palladium(1I),
bis(acetonitrile) dichloropalladium(Il), bis(benzonitrile)
dichloropalladium(II) or the like. From the standpoint of sta-
bility, reactivity, ease of procurement, among them, tetrakis

(triphenylphosphine)palladium(0), bis[1,2-bis
(diphenylphosphino )ethane|palladium(0), bis[1,3-bis
(diphenylphosphino)propane]palladium(0), bis[1,4-bis
(diphenylphosphino)butane]palladium(0), bis[1,5-bis
(diphenylphosphino)pentane]palladium(0), bis[1,6-bis
(diphenylphosphino )hexane|palladium(0), bis[1,1'-bis
(diphenylphosphino)ferrocene]palladium(0), bis(tri-t-

butylphosphine)palladium(0), bis(tricyclohexylphosphine)
palladium(0),  dichlorobis(triphenylphosphine)palladium
(ID), dichlorobis[methylenebis(diphenylphosphine)]
dipalladium, [1,2-bis(diphenylphosphino)ethane]
dichloropalladium(II), [1,3-bis(diphenylphosphino)
propane]dichloropalladium(II), [1,4-bis
(diphenylphosphino)butane]dichloropalladium(Il), [1,5-bis
(diphenylphosphino)pentane]dichloropalladium(Il), [1,6-bis
(diphenylphosphino)hexane]dichloropalladium(II), [1'-bis
(diphenylphosphino)ferrocene]dichloropalladium(Il),  bis
(acetate)bis(triphenylphosphine)palladium(Il), bis
(acetonitrile)dichloropalladium(Il) or the like is preferable,
palladium complex compound having bidentate phosphorus
ligand such as dichlorobis|methylenebis(diphenylphos-
phine)]dipalladium, [1,2-bis(diphenylphosphino)ethane]
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dichloropalladium(II), [1,3-bis(diphenylphosphino)pro-
pane]dichloropalladium(Il),  [1,4-bis(diphenylphosphino)
butane]dichloropalladium(II), [1,5-bis(diphenylphosphino)
pentane]dichloropalladium(II), [1,6-bis(diphenylphosphino)
hexane|dichloropalladium(II), [1,1'-bis(diphenylphosphino)
ferrocene|dichloropalladium(Il) is more preferable, and
[1,1'-bis(diphenylphosphino) ferrocene]dichloropalladium
(IT) is further preferable. Palladium compound to be used in
the second step may be the commercially available one, or the
one produced during reaction system.

[0032] If necessary, a phosphorus ligand, which can be
coordinated to the above-described palladium compound,
may be used appropriately. The phosphorus ligand to be used
includes, for example, triphenylphosphine, tri-o-tolylphos-
phine, tri-m-tolylphosphine, tri-p-tolylphosphine, tris(2,6-
dimethoxyphenyl)phosphine,  tris[2-(diphenylphosphino)

ethyl]phosphine,  bis(2-methoxyphenyl)phenylphosphine,
2-(di-t-butylphosphino)biphenyl, 2-(dicyclohexylphos-
phino)biphenyl, 2-(diphenylphosphino)-2'-(N,N-dimethy-

lamino)biphenyl, tri-t-butylphosphine, bis(diphenylphosphi-
no)methane, 1,2-bis(diphenylphosphino)ethane, 1,2-bis
(dimethylphosphino)ethane, 1,3-bis(diphenylphosphino)

propane, 1,4-bis(diphenylphosphino)butane, 1,5-bis
(diphenylphosphino)pentane,  1,6-bis(diphenylphosphino)
hexane, 1,2-bis(dimethyiphosphino)ethane, 1,1'-bis
(diphenylphosphino)ferrocene, bis(2-
diphenylphosphinoethyl)phenylphosphine, bis(2-
diphenylphosphinophenyl)ether or the like. Suitably,

bidentate phosphorus ligand such as bis(diphenylphosphino)
methane, 1,2-bis(diphenylphosphino)ethane, 1,2-bis(dim-
ethyiphosphino)ethane, 1,3-bis(diphenylphosphino)pro-
pane, 1,4-bis(diphenylphosphino)butane, 1,5-bis
(diphenylphosphino)pentane,  1,6-bis(diphenylphosphino)
hexane, 1,2-bis(dimethyiphosphino)ethane, 1,1'-bis
(diphenylphosphino)ferrocene, bis(2-
diphenylphosphinoethyl)phenylphosphine is preferable, 1,1'-
bis(diphenylphosphino)ferrocene is more preferable.

[0033] Used amount of the palladium compound is prefer-
ably in the range 0f0.0001 to 2 equivalents relative to the one
of halogenoaryl derivative (II), more preferably in the range
01'0.001 to 0.1 equivalents.

[0034] As the operation of reaction, a halogenoaryl deriva-
tive (II) and a palladium compound are added to the reaction
mixture containing the reaction product from the first step, or
the reaction mixture containing the reaction product from the
first step are added to a solution of a halogenoaryl derivative
(II) and a palladium compound. When adding, the halo-
genoaryl derivative (II) maybe diluted by the above-described
reaction solvent. Diluted concentration is not particularly
limited, however, is preferably in the range of 1 to 80% by
weight, more preferably in the range of 5 to 50% by weight.
Addition rate is not particularly limited, however, the rate
controllable the temperature, at which preferable reaction
performance can be expressed, is preferable.

[0035] Reaction time is not particularly limited, however, is
usually in the range of 0.5 to 24 hours. The 6-halogeno-3-
arylpyridine derivative (III) produced in this way can be iso-
lated and purified by the usual method to be used for isolation/
purification of organic compound. For example, the reaction
mixture is neutralized by hydrochloric acid or the like, and is
extracted with an organic solvent such as toluene, then treated
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by distillation, silica gel column chromatography, recrystal-
lization to purify the objective 6-halogeno-3-arylpyridine
derivative (III).

Production Method of a 6-alkoxy-3-arylpyridine
Derivative (V)

[0036] Another aspect of the present invention is the pro-
duction method of a 6-alkoxy-3-arylpyridine derivative (V).
This production method is characterized by a point including
the third step in which a 6-alkoxy-3-arylpyridine derivative
(V) is obtained by reacting a 6-halogeno-3-arylpyridine
derivative (IIT) with a salt of alkyl alcohol (IV). Therefore,
specific aspect other than the method is not particularly lim-
ited. Hereinafter, preferable embodiment of the production
method of the present aspect is described in detail.

[The Third Step]

[0037] In the third step, a 6-halogeno-3-arylpyridine
derivative (I1) is reacted with a salt of alkyl alcohol (IV) to
obtain a 6-alkoxy-3-arylpyridine derivative (V). It should be
noted that, procuring route of the 6-halogeno-3-arylpyridine
derivative (III) as a raw material of the reaction in the third
step is not particularly limited. For example, it may be the one
obtained via the above-described first step and second step, or
may be the one produced by the other general means by
oneself, and may be the one purchased from the commercially
available products.

[0038] Used amount of the salt of the alkyl alcohol (IV) is
preferably in the range 0f 0.1 to 10 moles relative to 1 mole of
the 6-halogeno-3-arylpyridine derivative (III), more prefer-
ably in the range of 0.5 to 3 moles.

[0039] Reaction is preferably performed in the presence of
a solvent. The solvent is not particularly limited, as long as it
does not. have harmful effects to reaction. The solvent
includes, for example, aliphatic hydrocarbons such as hex-
ane, heptane, octane; aromatic hydrocarbons such as ben-
zene, toluene, xylene, ethylbenzene, mesitylene; ethers such
as tetrahydrofuran, diethyl ether, diisopropyl ether, tert-bu-
tylmethyl ether, 1,2-dimethoxyethane, 1,4-dioxane, diethyl-
eneglycol dimethylether. Among them, use of an aromatic
hydrocarbon is preferable, From the standpoint of operation
ofreaction, use of toluene is particularly preferable. A solvent
may be used alone, or in combination of two or more kinds,
[0040] Reaction in the third step is preferably performed in
the range of 0 to 200° C., more preferably in the range of 60
to 100° C.

[0041] Reaction time in the third step is not particularly
limited, however usually, is in the range of 0.5 to 24 hours.
[0042] The 6-alkoxy-3-arylpyridine derivative (V) pro-
duced by such a process can be isolated and. purified by the
usual method to be used for the isolation/purification of
organic compound. For example, the reaction mixture is neu-
tralized by hydrochloric acid or the like, and extracted with an
organic solvent, such as toluene, then treated by distillation,
silica gel column chromatography, recrystallization to purity
the objective 6-alkoxy-3-arylpyridine derivative (V).

EXAMPLES

[0043] Hereinafter, the present invention is specifically
described by the examples, however, the present invention is
by no means limited by these examples. It should be noted
that, in the following examples, comparative examples, ref-
erential examples, as for the palladium compound and iso-
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propylmagnesium chloride, reagent produced by Tokyo
Chemical Industry Co., Ltd. were used, and as for other raw
material compounds other than them and solvents, reagent
produced by Wako Pure Chemical Industries, Ltd. were used.

Example 1
Synthesis of 6-chloro-3-phenylpyridine

[0044] In a 300 mL inner volume flask replaced by nitro-
gen, 30.3 g of tetrahydrofuran solution containing 19.5% by
weight of isopropylmagnesium chloride (57.5 mmol as iso-
propylmagnesium chloride) as a magnesiation reagent was
charged, and cooled at 10° C., and then 20 g of tetrahydrofu-
ran solution containing 5-bromo-2-chloropyridine (9.6 g,
50.0 mmol) as a 2,5-dihalogenopyridine derivative (1), was
added dropwise in the range of 10to 20° C. for 1.0 hour. After
adding dropwise, the reaction mixture was stirred in the range
0t 10 to 20° C. for 1.5 hours, and then added dropwise to the
solution of tetrahydrofuran (20 g) containing bromobenzene
(7.9 g, 50.0 mmol) as a halogenoaryl derivative (II), and
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
(II) (0.20 g, 0.25 mmol) as a palladium compound in the range
of 10 to 20° C. for 2.0 hours. After adding dropwise, the
reaction mixture was stirred in the range of 10to 20° C. for4.0
hours, and then saturated aqueous solution of ammonium
chloride (50 g) was added. Toluene (50 g) was added to the
reaction mixture, and after stirring for 1.0 hour, the reaction
mixture was left to stand to separate the organic layer. After
washing the organic layer with saturated sodium chloride
solution (10 g), it was condensed under reduced pressure to
obtain crude 6-chloro-3-phenylpyridine (6.5 g, purity: 82%,
yield: 60%). The resultant crude 6-chloro-3-phenylpyridine
(6.5 g) was purified by silica gel column chromatography
(200 g), and 6-chloro-3-phenylpyridine (4.5 g, yield: 42%) as
a 6-halogeno-3-arylpyridine derivative (II1) was obtained.
[0045] 'H-NMR spectrum (300 MHz, CDCl,, TMS, ppm)
d: 7.37-7.58 (m, 6H), 7.84 (dd, 1H, J=8.3, 2.5 Hz), 8.61 (d,
1H, 2.0 Hz).

Example 2
Synthesis of 6-chloro-3-phenylpyridine

[0046] The same operation as example 1 was carried out
except chlorobenzene (5.6 g, 50.0 mmol) was used instead of
bromobenzene, to obtain 6-chloro-3-phenylpyridine as 40%
of'yield.

Example 3
Synthesis of 6-chloro-3,2'-bipyridine

[0047] In a 300 mL inner volume flask replaced by nitro-
gen, tetrahydrofuran solution of isopropylmagnesium chlo-
ride (19.5% by weight, 30.3 g, 57.5 mmol) as a magnesiation
reagent was charged, and cooled at 10° C., then tetrahydro-
furan solution (20 g) of 5-bromo-2-chloropyridine (9.6 g,
50.0 mmol) as a 2,5-dihalogenopyridine derivative (I) was
added dropwise in the range of 10to 20° C. for 1.0 hour. After
adding dropwise, the reaction mixture was stirred in the range
of 10 to 20° C. for 1.5 hours, then the reaction mixture was
added dropwise to the solution of tetrahydrofuran (20 g)
containing 2-bromopyridine (7.9 g, 50.0 mmol) as a halo-
genoaryl derivative (II) and [1,1'-bis(diphenylphosphino )fer-
rocene]dichloropalladium(II) (0.20 g, 0.25 mmol) as a palla-
dium compound, in the range of 10 to 20° C. for 2.0 hours.
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After adding dropwise, the reaction mixture was stirred in the
range of 10 to 20° C. for 4.0 hours, then reaction was stopped
by adding saturated aqueous solution of ammonium chloride
(50 g), and was left to stand to isolate organic layer. Organic
layer was washed with saturated sodium chloride solution (10
g), then condensed under reduced pressure, to obtain crude
6-chloro-3,2'-bipyridine (10.6 g, purity: 81%, yield: 90%).
The resultant crude 6-chloro-3,2'-bipyridine (10.6 g) was
subjected to simple distillation under reduced pressure (0.9
mmHg, 124° C.), to obtain 6-chloro-3,2'-bipyridine(8.0 g,
yield: 68%) as a 6-halogeno-3-arylpyridine derivative (III).
[0048] 'H-NMR spectrum (300 MHz, CDCl,, TMS, ppm)
8: 7.27-7.33 (m, 1H), 7.42 (d, 1H, J=7.5 Hz), 7.72 (d, 1H,
J=7.9 Hz), 7.77-7.82 (m, 1H), 8.25 (dd, 1H, J=2.0 Hz, 7.8
Hz), 8.68-8.72 (m, 1H, J=Hz), 8.96 (d, 1H, J=2.0 Hz).

Examples 4 to 9

[0049] The same operation as example 3 was carried out
except the compound described in Table 1 below was used as
the halogenoaryl derivative (II) and the palladium compound.
Product and yield thereof were shown in Table 1 together.

TABLE 1

Halogenoaryl Palladium

derivative (II) compound yield (%)
Example 3 2-brompyridine Pd(dppf)CL, 90
Example4  2-bromopyridine Pd(PPh;), 50
Example 5 2-bromopyridine Pd(dppe)CL, 50
Example 6  2-bromopyridine Pd(dppp)CL, 60
Example 7 2-bromopyridine Pd(dppb)Cl, 75
Example 8  2-chloropyridine Pd(dppe)CL, 40
Example 9  2-chloropyridine Pd(dppf)CL, 60

Pd(PPhj): tetrakis (triphenylphosphine) palladium (0);

Pd(dppe)Cly: [1,2-bis(diphenylphosphino)ethane]dichloropalladium(I);
Pd(dppp)Cly: [1,3-bis(diphenylphosphino)propane]dichloropalladium(II);
Pd(dppb)Cly: [1,4-bis(diphenylphosphino)butane]dichloropalladium(II);
Pd(dppf)Cly: [1,1'-bis(diphenylphosphino)ferrocene]-dichloropalladium(Il)

Example 10
Synthesis of 6-methoxy-3,2'-bipyridine

[0050] Ina200mlL inner volume flask, toluene solution (10
g) containing 6-chloro-3,2'-bipyridine(6.0 g, 31.5 mmol) of
6-halogeno-3-arylpyridine derivative (III) was charged, and
methanol solution containing sodium methoxide (32.0%
weight, 8.0 g, 47.4 mmol) of salt of alkyl alcohol (IV) was
added dropwise in the range of 10 to 20° C. for 0.5 hour. After
adding dropwise, the reaction mixture was stirred in the range
of70to 75° C. for 3.0 hours, and then reaction was stopped by
adding water (30 g) in the range of 10 to 20° C. Toluene (20g)
was added to the reaction mixture, and stirred for 1.0 hour,
then left to stand to isolate organic layer. Aqueous layer was
extracted with toluene (30 g+30 g) two times, and the extract
and the above-described organic layer were combined, and
then condensed under reduced pressure to obtain crude
6-methoxy-3,2'-bipyridine (6.2 g, purity: 91%, yield: 95%).
The resultant crude 6-methoxy-3,2'-bipyridine (6.2 g) was
distilled simply (1.0 mmHg, 104° C.) to obtain 6-methoxy-
3,2'-bibipyridine (5.4 g, yield: 83%) as a 6-alkoxy-3-arylpy-
ridine derivative (V).

[0051] 'H-NMR spectrum (300 MHz, CDCl,, TMS, ppm)
d: 4.00 (s, 3H), 6.85 (d, 1H, J=8.9 Hz), 7.20-7.24 (m, 1H),
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7.66 (d, 1H, 1=7.9 Hz), 7.74 (dt, 1H, 1=2.0 Hz, 7.9 Hz), 8.25
(dd, 1H, J=2.0 Hz, 8.9 Hz), 8.66-3.68 (m, 1I1,), 8.74 (d, 1H,
J=2.0 Hz).

Comparative Example 1

Synthesis of 6-chloro-3,2'-bipyridine in the Presence
of Nickel Compound

[0052] In a 300 mL inner volume flask replaced by nitro-
gen, tetrahydrofuran solution containing isopropylmagne-
sium chloride (19.5% by weight, 30.3 g, 57.5 mmol) was
charged, and cooled at 10° C., and then, tetrahydrofuran
solution(20 g) containing S5-bromo-2-chloropyridine(9.6 g,
50.0 mmol) was added dropwise in the range of 10 to 20° C.
for 1.0 hour. After adding dropwise, the reaction mixture was
stirred in the range of 10 to 20° C. for 1.5 hours, and then
reaction mixture was added dropwise to the solution of tet-
rahydrofuran (20 g) containing 2-bromopyridine(7.9 g, 50.0
mmol) and [1,1'-bis(diphenylphosphino)propane]nickel
dichloride (0.14 g, 0.25 mmol) in the range of 10to 20° C. for
2.0 hours. After adding dropwise, the reaction mixture was
stirred in the range of 10 to 20° C. for 4.0 hours. However,
6-chloro-3,2'-bipyridine could not be obtained.

Referential Example 1

Synthesis of 6-chloro-3,2'-bipyridine by Suzuki Cou-
pling (-78° C.)

[0053] In a flask replaced by nitrogen, tetrahydrofuran
solution (80 g) containing 5-bromo-2-chloropyridine (9.6 g,
50.0 mmol) was charged, and cooled at -78 © C., and then
n-hexane solution of n-butyllthium (15% by weight, 24.6 g,
57.5 mmol) was added dropwise at —78° C. Next, at -78° C.,
trimethoxyborane (5.7 g, 55.0 mmol) was added dropwise.
After 30 minutes from adding dropwise, cooling bath was
removed off, and the reaction mixture was stirred at room
temperature overnight. Then, 10% by weight of hydrochloric
acid (50 g) was added under ice cooling condition, and the
reaction mixture was stirred for 1.5 hours, and then neutral-
ized by adding 40% by weight of sodium hydroxide aqueous
solution (15 g). Ethyl acetate (50 g) was added to the reaction
mixture, and the reaction mixture was stirred for 1.0 hour, and
then left to stand to separate organic layer. Organic layer was
dried with anhydrous magnesium sulfate, and then condensed
under reduced pressure to obtain 6-chloro-3-pyridylboronic
acid (6.9 g, 44.0 mmol).

[0054] 2-bromopyridine (7.0 g, 44.0 mmol), palladium
acetate (0.5 g, 2.2 mmol), triphenylphosphine(2.5 g, 9.5
mmol), pottasium carbonate (37.0 g, 267.0 mmol), 1,2-
dimethoxyethane (60 g) and water (80 g) were added to the
resultant 6-chloro-3-pyridyl boronic acid (6.9 g, 44.0 mmol),
and the reaction mixture was stirred, and then refluxed with
heating for 6.0 hours. Reaction solution was cooled, and then
ethyl acetate (50 g) was added, the reaction solution was
stirred for 1.0 hour, and was left to stand to separate organic
layer. Organic layer was washed with 10% by weight of
aqueous solution of ammonium chloride (20 g), 10% aqueous
solution of ammonia (20 g), 10% aqueous solution of sodium
chloride (20 g), and then condensed under reduced pressure to
obtain 6-chloro-3,2'-bipyridine (7.0 g, 38.3 mmol).

Referential Example 2
Synthesis of 6-chloro-3,2'-bipyridine by Suzuki Cou-
pling (10° C.)
[0055] In a flask replaced by nitrogen, tetrahydrofuran
solution (80 g) of 5-bromo-2-chloropyridine (9.6 g, 50.0
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mmol) was charged, and cooled at 10° C., and then n-hexane
solution of n-butyllthium (15% by weight, 24.6 g, 57.5 mmol)
was added dropwise at 10° C. Next, at 10° C., trimethoxybo-
rane (5.7 g, 55.0 mmol) was added dropwise. After 30 min-
utes from adding dropwise, cooling bath was removed off,
and the reaction mixture was stirred at room temperature
overnight. However, 6-chloro-3-pyridylboronic acid could
not be obtained.

Comparative Example 2
Synthesis of 6-methoxy-3,2'-bipyridine

[0056] In a 300 ml inner volume flask replaced by nitro-
gen, tetrahydrofuran solution of isopropylmagnesium chlo-
ride (19.5% by weight, 30.3 g, 57.5 mmol) was charged, and
cooled at 10° C., and then tetrahydrofuran solution (20 g) of
5-bromo-2-methoxypyridine (9.4 g, 50.0 mmol) was added
dropwise in the range of 10 to 20° C. for 1.0 hour. After adding
dropwise, the reaction mixture was stirred in the range of 10
to 20° C. for 1.5 hours, and then added dropwise to the
tetrahydrofuran solution (20 g) containing 2-bromopyridine
(7.9 g, 50.0 mmol) and [1,1'-bis(diphenylphosphino)fer-
rocene]dichloropalladium(Il) (0.14 g, 0.25 mmol) in the
range of 10 to 20° C. for 2.0 hours. After adding dropwise, the
reaction mixture was stirred in the range of 10t0 20° C. for 4.0
hours, however, 6-methoxy-3,2"-bipyridine could not be
obtained.

[0057] It should be noted that the present patent application
was based on Japanese Patent Application Number 2007-
330516 filed on Dec. 21, 2007, and the disclosure is incorpo-
rated by reference in its entirety.

1-3. (canceled)
4. A method for synthesizing a 6-halo-3-aryl-pyridine
compound comprising:
reacting a 2,5-dihalopyridine derivative represented by the
following general formula (I):

[Formula 1]
, @
R
X2 R!
/
X
R? N x!

wherein, X* and X* each independently represent a halogen
atom; R', R* and R? each represent a substituent indepen-
dently selected from the group consisting of a hydrogen atom,
an optionally substituted alkyl group, an optionally substi-
tuted cycloalkyl group and an optionally substituted aryl
group; provided that in the alternative R' and R? may also be
selected to form an optionally substituted ring together with
the carbon atoms to which they are connected,
with a magnesiation reagent to form the product of a magne-
siation reaction; and
reacting the magnesiation reaction product in the presence
of a palladium compound, with a halogenoaryl deriva-
tive represented by the following general formula (II):
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[Formula 2]
an

wherein, X> represents a halogen atom; Y' represents a CH
group or nitrogen atom; each R*represents a substituent inde-
pendently selected from the group consisting of a hydrogen
atom, an optionally substituted alkyl group, an optionally
substituted cycloalkyl group, an optionally substituted aryl
group, an optionally substituted alkoxy group, an optionally
substituted cycloalkoxy group and an optionally substituted
aryloxy group; and n represents an integer of O to 5;

to obtain a 6-halo-3-arylpyridine derivative represented by
the following general formula (I1I):

[Formula 3]
. e8]
R
N
\Yl’ s R!
S
R? N XL

5. The method of claim 4, wherein Y* represents nitrogen
atom.
6. The method of claim 4, further comprising the step of:
reacting the 6-halo-3-arylpyridine derivative represented
by the general formula (IIT) with a salt of an alkyl alcohol
represented by the following general formula (IV):
[Formula 4]

M(OR?),, (Iv)

wherein, M represents an element of the first group or the
second group in the periodic table; R® represents an alkyl
group or a cycloalkyl group; and m is 1 when M is the
first group element or m is 2 when M is the second group
element;
to obtain a 6-alkoxy-3-arylpyridine derivative represented by
the general formula (V):

[Formula 5]
R, v
N
\Yl’ P R!
|
R? N OR>



